Credit for having first described the phenomenon which was later to be termed "starvation diabetes" or "hunger diabetes" is properly ascribed to Claude Bernard a man or an animal is fasted for some time, and then given a good meal with an abundance of carbohydrate, glucose will appear in the urine."
It had been known for a century or more that mild glycosuria of short duration is occasionally encountered in otherwise healthy persons. But Bernard was probably the first to recognize as a specific entity the glycosuria appearing when a period of starvation is broken by carbohydrate intake.
Lehmann,44 as a preliminary to an investigation of the effect of arsenate on diabetes mellitus, performed some animal experiments on glycogen formation in the liver. Upon injecting glucose into a mesenteric vein of rabbits starved for 48 hours, he found to his surprise that no increase in liver glycogen occurred, and that glucose appeared in the urine. This result was contrary to the result of experiments by Claude Bernard"1 and by Schopffer.70 When the experiment was repeated on animals not starved, however, he found that in this condition no glycosuria appeared, while a slight increase in liver glycogen could be noted. Curiously enough, he did not relate his observation to Bernard's demonstration of starvation diabetes, although he seems to have been well acquainted with Bernard's work. Lehmann's result, published as a thesis in Dutch, might easily have escaped notice, had it not been reviewed* in detail by Hoffman3 the following year in Naunyn's new "Archiv."
In 1890 Hofmeister,38 in a more detailed study of the problem, demonstrated in dogs a diminished "assimilation" of carbohydrate after fasting, and showed that the glycosuria was-not caused by an augmented intestinal absorption. He coined the term "Hungerdiabetes," and the phenomenon has since then often been referred to as the Hofmeister phenomenon.
Ten years later Hoppe-Seyler, Jr.39 found that transient glycosuria could occasionally be observed in malnourished, half-starved persons during the first few days of hospitalization.
More recently the glycosuria of starvation diabetes has been studied by Winther.82 The following review will discuss the metabolic abnormalities that have been shown to exist in starvation diabetes, dividing the topic according to the different methods of investigation that have been applied.
The blood-sugar curve after glucose administration After the introduction of relatively easy and accurate methods4 " for the determination of the glucose content of small quantities of blood, and the recognition of the normal postprandial blood-sugar curve, as well as the demonstration40 of the renal threshold for glucose, it was found that the glycosuria of starvation diabetes was caused by an abnormal elevation of the blood sugar. Bang4 was the first to publish the so-called pseudodiabetic glucose-tolerance curves from human sub-jects given glucose after a period of inanition. This has since often been confirmed, and a period of fat feeding has been found to have the same effect as does starvation on the glucose-tolerance curve."2' 73 du Vigneaud and Karr8" showed that the height and the length of the glucose-tolerance curve are directly proportional to the duration of the previous period of starvation, while Adelsberger and Porges2 demonstrated that a very short fast suffices to bring about these abnormal blood-sugar curves in man.
Himsworth later submitted the whole problem to a closer scrutiny.31' 32 33 He found that the elevation of the glucose-tolerance curve was inversely proportional to the amount of carbohydrate in the previous diet, and that only the carbohydrate content, rather than the fat, protein, or total calories of the diet, determined the curve. He also found in animal experiments that after hypophysectomy the difference of the glucose-tolerance curves on different diets was absent.35 Later investigators, however, have not been able to confirm this finding.25 28 The blood-sugar curve after injection of insulin, and the insulin content of the pancreas The fall of the blood sugar after injection of insulin is dependent upon the previous diet, since a steeper fall occurs when the animals have been previously maintained on a carbohydrate-rich diet than when they have been fed on a fat diet.1 ' 76 Himsworth31 studied this relationship between the composition of the diet and "insulin sensitivity" in greater detail, and found also a relation between the blood-sugar curves after glucose and after insulin on different diets: the higher the glucosetolerance curve, the flatter the insulin-test curve. His observations show that the cause, or at least the sole cause, of these abnormal glucosetolerance curves can not be a lack of insulin in the body.
On the other hand, Best, Haist and given, reflects a low insulin output.
The respiratory quotient after glucose administration and after injection of insulin The problem of starvation diabetes was early attacked from another angle. In 1909 Johansson4" showed that after glucose administration, the CO2 output in the expired air was abnormally low following a fast of a day and a half combined with heavy muscular exercise. Since then several studies of the response of the respiratory quotient to glucose administration after fasting or fat feeding have been reported. After prolonged starvation the RQ rise after glucose was found to be very low or absent, 16 Recent experiments indicate that when normal rats are maintained for a period of 1 to 2 weeks on a high fat, non-carbohydrate diet and are then shifted to a carbohydrate-rich diet, a considerable decrease in caloric intake occurs. No change of food intake was seen when the opposite change was made, i.e., if the rats were first fed a high carbohydrate diet and then shifted to a high fat diet. The same phenomenon, but more pronounced, was observed in rats with hypothalamic hyperphagia. When the latter animals had attained a high degree of obesity, their food intake upon change from a high fat to a high carbohydrate diet was reduced to very low levels or they stopped eating altogether. 48 Glycogen Finally, as mentioned above, the insulin content of the pancreas is decreased during carbohydrate starvation. This decrease, which is presumably associated with a decreased insulin secretion, might be thought to be secondary to an augmented pituitary function, especially since the injection (in dogs) of crude pituitary extracts has the same effect on the insulin content of the pancreas as does fat feeding."3 Since it has been shown, however, that the effect of fat feeding persists after hypophysectomy,27 the islet cells seem to be able to respond directly to changes in the demand of the tissues for insulin.
Beside the alteration of the hormonal pattern it is probable that during carbohydrate deprivation changes in the tissues occur, either autonomously or secondary to the changes in the production of various hormones. Both In any case, in human diabetes the heredity factor must be taken into account. As a conciliatory hypothesis it might be suggested that, given a pre-existing hereditary weakness of the insular apparatus (or of the hormonal balance which includes this), manifest diabetes mellitus might result from a very high carbohydrate intake, as well as from a changing diet with its periods of starvation diabetes.
